From ancient herders calling their fl ocks to today's pet owners conversing with their cats or dogs, humans have always tried to extend their communication to other species. Francis of Assisi famously held a sermon to birds, whom he called his brothers and sisters. Stories, real, enhanced or imagined, abound through the ages, from deities taking animal shapes to modern horse whisperers. In many cases, this may just be a case of anthropomorphising animals -like children talking with their dolls.
Alternatively, as we are beginning to get a clearer view of how animals such as dogs co-evolved with our species (Curr. Biol. (2015) 25, R733-R736) and learning how to defi ne consciousness in animals (Curr. Biol. (2013) 23, R981-R983), it is becoming conceivable that the ability to communicate has not only shaped our own evolution but also that of our domesticated animals and of their relationship to us.
While a systematic understanding of the dialogue between pets and people is probably hindered rather than helped by the widespread affection for four-legged companions, a very simple model of how a mutually benefi cial human-animal communication can arise has been found among African birds and people.
Birds guide the way
The fi rst European visitor to report the surprising behaviour of the honeyguide bird (Indicator indicator) in parts of Africa was the Portuguese missionary João dos Santos. He noticed in 1588 a bird that came into his church to steal beeswax from the candlesticks. In his book Ethiopia Oriental, published in 1609, dos Santos also reported that birds of the same species often led local men to bees' nests. The men would then break up the nest and harvest the honey, and the bird would feed on the beeswax they left behind.
The Yao in northern Mozambique and their wild but co-operative feathered friends are continuing this practice to this day. Claire Spottiswoode from the University of Cambridge, UK, working with colleagues from South Africa, has systematically analysed the cooperation between birds and humans and has shown that there is a two-way communication that must have evolved between the two species on the basis of the clear benefi ts that it provides to both (Science (2016) 353, 387-389) .
The birds have a specifi c kind of call they use when they know the location of a bees' nest and are in need of a human helper to break it up. Similarly, the Yao use a specifi c kind of call, described as "a loud trill followed by a grunt", when they are ready to go honey hunting and need a bird to guide them to the nearest nest.
Spottiswoode and colleagues have shown in the fi eld that communication in both directions is both specifi c in indicating the status of the sender and well-understood by the intended recipient, and that the collaborative hunt is successful in most cases.
Studying nearly one hundred honeyhunting expeditions guided by a bird, they found that three quarters of them led to the discovery of at least one bees' nest, and sometimes even two or three. All nests were found less than one kilometre from the starting point, which is consistent with the size of the birds' territory, determined to measure about a square kilometre. In each case, the initial direction of the bird's fl ight already pointed towards the location of the nest.
In an experiment designed to test if honeyguide birds specifi cally respond to the traditional signal of Yao honey hunters, participants embarked on simulated honey-hunting trips emitting either the specifi c call or one of two control sounds for 15 minutes. In this experiment, two-thirds of the teams sending out the traditional call found a willing bird helper, while a human control call had only a success rate of one-third, and an animal-based control sound of one-quarter. Moreover, the birds that did respond to the control sounds were more likely to give up the search before a nest was discovered, which further enhanced the relative calls. The authors suggest that they most likely learn about the collaboration by observing it in action in the vicinity of bees' nests.
Feature

Talking with animals
In this example it is clear that the strong mutual interest in a successful collaboration, providing food for both partners that neither could have accessed without the other, ensures successful communication to arise. This could serve as a model both to discover similar methods that may still exist in other traditional societies, and to analyse retrospectively the agreements struck by our ancestors with wild animals that eventually became domesticated.
Barking decoded
The domestication of dogs happened twice, independently in Asia and in Europe, as recent genome analysis of ancient specimens suggests (Science (2016 (Science ( ) 352, 1228 (Science ( -1231 . It is now often described as an example of co-evolution or mutual taming of both species, rather than of humans capturing a wild animal and changing it by systematic breeding (Curr. Biol. (2015) 25, R733-R736).
In this process, the communication between both species may have played an important role in that dogs that more readily understood human demands and that made their own requirements clearer to humans would have integrated into human families more successfully.
As a result of that co-evolution, today's dogs can quite successfully signal their state of mind to humans by barking -a behaviour that is less frequent and less varied in their wild relatives, and has even been reported to be diminished in feral dogs -as well as by other body signals.
A small number of studies on the functional role of barking, reviewed by Ádám Miklósi and colleagues from the Family Dog Project (familydogproject. elte.hu) at Eötvös Loránd University in Budapest, Hungary, have generally shown that the sound variations in dogs' barks are specifi c to the situations they're in (Vet. J. (2010) 183, 141-147). For instance, the barks signalling a stranger arriving at the dog's home have very different acoustic parameters from those conveying excitement at the prospect of an outing. These basic differences are generally understood by most humans, including those who don't live with dogs, as well as children who are about eight years or older. The foundations for this surprising level of understanding between species may be based on the general link between pitch and size. Both humans and dogs tend to use high-pitched sounds, generally associated with smaller, non-threatening animals, in friendly contexts, such as when we're talking to babies, as if to make ourselves sound smaller than we are. Low noises like a dog's deep growls, in contrast, tend to be associated with larger animals and are thus used to threaten and to 'big up' a dog's size.
Machine learning can in principle be used to categorise dogs' barks, as Miklósi and colleagues have shown in an early study of a single breed (Anim. Cogn. (2008) 11, 389-400). However, a commercial translating device developed in Japan has received mixed reviews and has been described as just an emotion detector. Given the advances made in the last ten years, there is the chance that a real translation of the barking 'language' may become a reasonable target for new technologies.
Still, details of how barking evolved as a simple form of vocal advantage for hunters of using the correct call.
In a further control experiment, the researchers also ruled out the possibility that the birds might fi nd it easier to hear the traditional call than the control sounds by using recorded calls at different levels of loudness. This means the most likely interpretation of the observations is that the birds associate the specifi c human call with the prospect of a successful collaboration and the reward of beeswax.
This level of understanding between humans and wild animals is so far unrivalled in the scientifi c literature, although the authors mention reports that some artisanal fi shermen tend to call wild dolphins for help, a collaboration that has not been studied in detail yet. It also leads to a further riddle, namely how the birds learn to recognise the hunting call. The honeyguide is a brood parasite like the cuckoo, so young birds never see their biological parents and cannot learn about the collaboration with humans from them.
The Yao report that juveniles -to whom they refer by a different name as they have conspicuously different plumage -do not respond to their communication for dogs to address humans remain to be uncovered. The matter is complicated by the fact that different breeds of dog vary dramatically both in the acoustic equipment and thus the sound of their barks, and in their inclination to bark.
As far as communication in the opposite direction is concerned, humans tend to speak to dogs in various ways, ranging from normal conversational style to simplifi ed codes like baby-talk. It is clear that dogs not only understand commands that they have been conditioned to, but also respond to emotional content communicated by their associated humans. However, in the latter case it is far from clear whether they respond to the language they hear or to other cues, including the sound of a person's voice or their body language. Observations reported by Miklósi and colleagues suggest that the success of spoken communication to dogs does not change much if the language is switched between Hungarian and English, which rather suggests that the nonverbal cues are the more likely communication pathways by which humans get through to their dogs.
The meaning of 'meow'
Like dogs, domestic cats are likely to have evolved to live in ever closer association with humans rather than being captured and tamed, but details are equally elusive. As with dogs, cats could derive tangible benefi ts from being able to communicate with humans, which probably explains how a silent wild predator turned into a noisy housecat.
It is fair to assume that the meowing, a behaviour not observed in adult wild cats, is a communication channel directly aimed at and evolved for human associates. However, there is a serious shortage of scientifi c studies of the feline communication channelapart from a short communication on purring (Curr. Biol. (2009) 19, R507-R508).
Only recently did the linguist and cat owner Susanne Schötz at Lund University, Sweden, launch a project to study the vocalisations of domestic cats. "Cats use both visual and vocal signals to communicate with humans, but they need to vocalise to get our attention," Schötz told National Geographic. "With other cats, they tend to rely on visual and olfactory signals. When a cat says 'meow', it's normally addressed to a human being, not another cat."
And if this is an attempt to adapt to human society based on the cat's observation that humans tend to communicate their needs by talking, Schötz hypothesises, then maybe the differences between different dialects and languages of human language are to some extent refl ected in cat language. Therefore, she is aiming to study cats from different regions of Sweden to see if the different melodies of speaking are infl uencing cats' vocalisations.
Schötz is also planning to test the reactions of cats to different ways of speaking, be it in dialects, or in adult versus baby-talk mode. Many fairly obvious questions in this fi eld are still unresolved, and with today's technology they should be quite straightforward to address. Maybe fi nding the right words to persuade a cat to co-operate will be the most challenging part.
Talking animals
Reports of individual, unusually clever animals that communicate exceptionally well with humans are often shrouded in doubts, as demonstrated by famous example of the African grey parrot Alex (1976 Alex ( -2007 , studied by the psychologist Irene Pepperberg. While most parrots just repeat words without attaching a meaning to them, Pepperberg found that Alex could name things, request specifi c food items, and even appeared to ask a question. This was achieved with a training model where one human acted as a fellow student rivalling the animal in the quest for the teacher's attention and praise.
Considering recent insights into the extraordinary intelligence and vestiges of consciousness in some bird species, especially among the corvids (Curr. Biol. (2013) 23, R981-R983), Alex's achievements appear plausible, although there has been no second example of comparable success so far. In any case, the studies suggest that communication on the level of a human toddler does not require a particularly large brain. Thus, the ability to learn vocal communication could be more widespread in nature and more deeply rooted in our evolution than we previously thought.
A recent report on an orang-utan called Rocky, for instance, found that the ape, studied in his adolescence, at age eight, was able to control his voice in important ways required for human speech, specifi cally to produce vowels. Comparing sounds that Rocky produced in the study to a comprehensive database of conventional orang-utan sounds, Adriano Lameira and colleagues from Durham University, UK, concluded that Rocky was able to learn new sounds not normally included in the vocal repertoire of his species.
"This indicates that the voice control shown by humans could derive from an evolutionary ancestor with similar voice control capacities as those found in orang-utans and in all great apes more generally," Lameira said in a press statement. "This opens up the potential for us to learn more about the vocal capacities of early hominids that lived before the split between the orang-utan and human lineages to see how the vocal system evolved towards fullblown speech in humans."
All in all, many animals appear to have the brains and the sounds to communicate in the way that many humans tend to prefer, by vocalisation. Talking with animals may just be a question of discovering the right enticement for them, or maybe of fi nding out what they want to talk about.
Michael Gross is a science writer based at Oxford. He can be contacted via his web page at www.michaelgross.co.uk 
William Shakespeare
The Neuroethology of Predation and Escape is a new and unique compilation of biological case studies that explores the neural mechanisms underlying the vast array of behavioural adaptations that predators and prey have evolved in order to survive.
The study of natural animal behaviour, 'ethology', has been around for as long as the behavioural repertoires of animals in the wild have been observed and documented. From the mid-20 th century, particularly with the advent of experimental technologies that allowed electrophysiological recordings of the nervous system, and in some opportune cases from individual neurons, the discipline of 'neuroethology' emerged, whereby scientists began to bridge the gap between the fi elds of ethology and neurophysiology in trying to understand the neural substrates of 'how' rather than 'why' animals behave the way they do. Indeed, this conjoint approach to examining the neural solutions to the natural behavioural problems confronted by animals led to the formation in 1981 of the International Society for Neuroethology, the formalisation of a research discipline that has continued to fl ourish to this day.
Since all living organisms need food energy to survive, the selection Book review pressure to eat and avoid being eaten plays a fundamental role in the evolutionary adaptation of an animal to the environment in which it lives. In the opportunity stakes for survival, evolution might at fi rst sight seem to have dealt predators with the cards of perpetual winners and their ill-fated prey with the hand of obsequious losers. But, fortunately, nature doesn't work that way. Of course, any respectable predator must succeed in prey capture in order to survive. And in a given encounter, the prey has much more to lose, because failure means death, whereas the predator only misses out on a next meal. However, predatory oversuccess endangers prey population existence, which in turn compromises the predator's own survival. Animals have also evolved countermeasures to avoid, or at least minimise, hapless predation, and to further complicate matters, a predator of one species might be prey to another.
Although the behavioural interplay between predation, predatory avoidance and escape has long attracted the attention of ecologists, much less has been documented on the array of neural mechanisms that underlie this primal relationship. How, for example, does the predator owl's brain compute the exact location of sound emanating from the undergrowth scrabbling of a mouse, or a bat manage to extract auditory information precise enough to catch a mosquito in full fl ight? How does a crayfi sh generate enough power and speed to escape from imminent danger, or a goldfi sh manage to fl ee from a threatening sound in an ultrarapid manoeuvre that is triggered some 50 times faster than the blink of a human eye? And more generally, how does an animal detect whether an approaching member of another species is a potential predator or a source of food, and decide almost instantaneously on opposite courses of fl ight or strike reactions? These and a multitude of other neuroethological questions related to the so-called predator-prey 'arms race' (a term fi rst employed by the zoologist, H.B. Cott, almost 80 years ago) are the focus of this volume.
The Neuroethology of Predation and Escape is organized in a series Bird brain: While many bird species can copy sound or even human speech, only very few reports exist of parrots actually using language to communicate. Based on recent insights into intelligence and consciousness in birds, however, it is not considered impossible. (Photo: Mary Devane.)
